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Description 

Field of tlie Invention 

5 [0001] This invention generally relates to a method of crosslinking polymers and more particularly relates to catalytic 
crosslinl<ing of polymers iiaving oxidatively orossllnl<able functional groups, wherein said polymers are polymerized 
from at least one ethylenlcally unsaturated monomer. "Crossllnkable" and "crosslinking" refer to the formation of new 
chemical bonds between existing polymer chains. 

10 Background of the Invention 

[0002] A number of polymers arecapable of beingcrosslinked in the presence of a catalyst. A significant improvement 
In physical and chemical properties of such polymers occurs when such polymers are subjected to a crosslinking 
process. However, crossllnked polymers become highly viscous as a result of their increased .. molecular weight, which 

IS occurs due to the crosslinking process. As a result, crossiinked polymers are typically incapable of being molded Into 
desired shapes or are incapable of being readily applied over substrate surfaces as a layer. 
[0003] Thus, a catalyst is stored separately from a polymer or a polymeric component of a coating composition, 
which contains the polymer. Just before use the catalyst is mixed with the polymeric component to fonn a pot mix which 
can then be readily applied as a layer by conventional means, such as by brushing or spraying, over the surfaces of 

20 substrates or can be readily shaped into an article by conventional means, such as molding. The polymers in the layer 
then crosslink in the presence of the catalyst to fonn a coating on the surface having improved physical and chemical 
properties, such as durability, water and solvent resistance, mar resistance, block resistance compared to the un- 
crossllnked polymer. 

[0004] Several types of catalysts are known to crosslink a polymer. For example, it Is conventional to use a heavy 
25 metal catalyst, such as a tin compound, for crosslinking polymers having oxidatively crossllnkable functionalities. How- 
ever, these metal catalysts tend to have a low catalytic activity. As a result, a significantly higher quantity of such 
catalysts, generally in amounts exceeding 5000 parts per million (ppm) or in excess of 0.5 weight percent based on 
the total polymer solids weight, have to be added to the polymer for achieving a desired degree of crosslinking of the 
polymer. Moreover, these metal catalysts have adverse impact on the environment because they are hazardous to 
30 human, animal and plant habitat. Furthermore, these heavy metal catalysts cannot be readily degraded into hamiless 
compounds. Thus, articles made from polymers containing these heavy metal catalysts or articles coated with coating 
compositions containing these heavy metal catalysts cannot be safely disposed of In typical land fills or other disposal 
sites, unless such catalysts are removed or rendered hamiless before disposal. The present Invention solves this 
problem by providing for an oxidative catalyst that has no substantially adverse impact on the environment and It readily 
35 undergoes biodegradation upon disposal. As a result, the catalyst of the present invention can be safely disposed of 
in conventional landfills or disposal sites without any significant Impact on the environment. Furthennore, as the catalyst 
of the present invention is catalytlcally more active than conventional heavy metal catalysts, smaller amounts of the 
catalyst of the present Invention are needed to achieve the same degree of crosslinking that Is accomplished by utilizing 
higher amounts of conventional heavy metal catalysts. 

40 

Statement of the Invention 

[0005] The present invention is directed to a method of crosslinking an oxidative polymer having oxidatively crosslink- 
able functional groups, wherein said oxidative polymer is polymerized from at least one ethylenlcally unsaturated mon- 
4s omer, said method comprising; 

contacting said oxidative polymer with a catalytic amount of an oxidizing enzyme; and 
crosslinking said oxidatively crossllnkable functional groups on said oxidative polymer. 

so [0006] The present invention is also directed to a method of applying a coating on a substrate comprising: 

contacting a polymeric component of a coating composition with a crosslinking component of said coating com- 
position to form a pot mix, said polymeric component comprising an oxidative polymer having oxidatively crosslink- 
able functional groups, wherein said oxidative polymer is polymerized from at least one ethylenlcally unsaturated 
55 monomer, and said crosslinking component comprising a catalytic amount of an oxidizing enzyme; 
applying a layer of said pot mix over said substrate; and 

crosslinking said oxidatively crossllnkable functional groups on said oxidative polymer to fomi said coating on said 
substrate. 
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[0007] The present invention is f urtlier directed to a two-pacl< coating composition comprising: 

a first container containing a polymeric component, which comprises an oxidative polymer having oxidatively 
crossiinl<abie functional groups, wherein said oxidative polymer is polymerized from at least one ethylenlcally un- 
5 saturated monomer; and 

a second container containing a catalytic component, which comprises a catalytic amount of an oxidizing enzyme 
sufficient to crosslink said oxidatively crosslinkable functional groups on said oxidative polymer, when said poly- 
meric component Is mixed with said catalytic component. 

10 Detailed Description of the Preferred Embodiment 

[0008] As defined herein: 

[0009] " Polymer" means a dispersed, solubilized or a sequential polymer, defined below, all provided with oxidatively 
crosslinkable functional groups. 

IS [0010] "Dispersed polymer" means particles of polymer oolloidaify dispersed and stabilized in an aqueous medium. 
[0011] "Solubilized polymer" includes "Water soluble polymer", "Water reducible polymer or a mixture thereof. Water 
soluble polymer means a polymer dissolved in an aqueous medium. Water reducible polymer means a polymer dis- 
solved in water and water miscible solvent. Solubilized polymer results in a polymer solution ciiaracterized by iiaving 
the self-crowding constant (K) of the Mooney equation l/in^^ei = '•''BC - K/2.5 ] equal to zero. By contrast, dispersed 

20 polymer iias (K) equal to 1 .9. Ttie details of Mooney equation are disclosed In an article entitled "Playsical Character- 
ization of Water Dispersed and Soiuble Acrylic Polymers" by Brendiey et ai., in "Nonpolluting Coatings and Coating 
Processes" published by Plenum Press, 1973 and edited by Gordon and Prane. 

[0012] "Sequential polymer" means particles of a polymer coiloidally dispersed and stabilized in an aqueous medium 
having a core/shell morphology, wherein reactable group(s) are located on the shell or on the relatively more hydrophilic 

2S portion of the sequential polymer 

[0013] "Polymer particle size" means the diameter of the polymer particles measured by using a Brookhaven IVlodel 
81-90 Particle Sizer supplied by Brookhaven Instruments Corporation, Holtsville, New York, which employs a quasi- 
elastic light scattering technique to measure the size of tine polymer particles. The Intensity of tiie scattering is afunction 
of particle size. The diameter based on an intensity weighted average is used. This technique is described In Chapter 

so 3, pages 48-61 , entitled Uses and Abuses of Photon Correlation Spectroscopy in Particle Sizing by Weiner et al. in 
1987 edition of American Chemical Society Symposium series. To measure the particle diameter, 0.1 to 0.2 grams of 
a sample of the polymer was diluted to a total of 40 milliliters (mU) with distilled water. A two mU portion was delivered 
into an acrylic cell, which was then capped. The particle size In nanometers was measured for 1 000 cycles. The meas- 
urement was repeated three times and an average was reported. 

35 [0014] 'Tg of a polymer" is a measure of the hardness and melt flow of the polymer. The higher the Tg, tiie lesser 
will be the melt flow and the harder will be the coating. Tg is described in Principles of Polymer Chemistry (1953), 
Cornell University Press. The Tg can be actually measured or it can be calculated as described by Fox in Bull. Amer. 
Physics Soc. 1 , 3, page 123 (1 956). Tg, as used herein, refers to actually measured values. 
[0015] "GPC weight average molecular weight" means the weight average molecular weight determined by gel per- 

40 meation chromatography (GPC) which is described on page4, Chapter i of 7776 Characterization of Po/ymers published 
by Rohm and Haas Company, Philadelphia, Pennsylvania in 1976, utilizing polymethyl methacrylate as the standard. 
The GPC weight average molecular weight can be estimated by calculating a theory weight average molecular weight. 
In systems containing chain transfer agents, the theory weight average molecular weight is simply the total weight of 
poiymerizable monomer In grams divided by the total molar amount of chain transfer agent used during the poiymer- 

45 Ization. Estimating the molecular weight of an emulsion polymer system that does not contain a chain transfer agent 
is more complex. A cruder estimate can be obtained by taking the total weight of poiymerizable monomer in grams 
and dividing that quantity by the product of the molar amount of an initiator multiplied by an efficiency factor (in our 
persulfate initiated systems, we have used a factor of approximately 0.5). Further information on theoretical molecular 
weight calculations can be found in Princples of Polymerization 2nd edition, by George Odian published by John Wiley 

so and Sons, N, Y, N. Y. in 1981 and In Emulsion Polymerization edited by Itja Pinna published by Academic Press, N. 
Y, N. Y in 1982. 

[0016] For measurement of the Tg of a polymer, differential scanning calorimetry (DSC) can be used. To measure 
the Tg by the DSC method, the polymer samples were dried, preheated to 120°C., rapidly cooled to -100° C, and then 
heated to 1 50° C. at a rate of 20°C/minute while data was being collected. The Tg was measured at the midpoint of 
55 the inflection using the half-height method. 

[0017] "Oxidative polymer" means a polymer provided with a oxidatively functional group or group(s), which are a 
pendant functional group or groups attached to a polymer backbone or a functional group or groups located in the 
polymer backbone itself. Such a group or groups crosslink in the presence of an oxidative catalyst with other such 
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functional groups to increase the molecular weight of the crossllnked polymer and to thereby Improve the physical and 
chemical properties of the coatings resulting therefrom. 

[0018] "Inactive polymer" means a polymer having a dormant functional group orgroup(s),which are a pendantfunc- 

tional group or groups attached to the polymer backbone or a functional group or groups located In the polymer back- 
5 bone itself. The dormant functional groups are latent until they are exposed to an activating agent. Thereafter, dormant 

functional groups on the inactive polymer are converted into an oxidatively crosslinkabie functional group or groups. 

[0019] "Enzyme" means a complex proteinaceous substance that acts as a catalyst. Enzymes are high molecular 

weight compounds made up principally of chains of amino acids linked together by peptide bonds. 

[0020] "Oxidizing Enzymes" means an enzyme catalyst In whose presence oxidative functionalities on an oxidative 
10 polymer crosslink to form a crossiinked polymer. 

[0021] "Substrate molecule" means a testing material which is known to have reactive sites that are specifically 

reactive to the enzyme catalyst being analyzed for its enzyme activity. 

[0022] A "unit" relates to the enzyme activity of an enzyme catalyst and (one unit) is equal to the quantity of enzyme 
(in grams, milligrams, moles, mlllimoles, or micromoles) required to produce a specified amount in grams, milligrams, 

IS micromoles or millimoles of an oxidized substrate during a defined period of time, I.e., In seconds or minutes and at a 
specified pH and temperature. A higher unit activity per mass (usually expressed in milligrams) of an enzyme is an 
indication of a catalytically more active enzyme. Foroxidlzing enzymes like peroxidase, the concentration of a substrate 
molecule which undergoes an enzyme catalyzed oxidation, is measured before and after exposure to the enzyme. By 
measuring the loss of this substrate or the appearance of the oxidized product over time, the unit activity can be 

20 calculated. A common substrate used to measure peroxidase activity is pyrogallol which is oxidized to purpurogallin 
by peroxidase. Puropurogallin is 2,3,4,6-Tetrahydroxy-5H-benzocyclohepten-5-one. Pyrogallol Is 1 ,2,3-trihydroxyben- 
zene. 

[0023] "Swell Ratio" Is a ratio of the volume of a swelled test film of a crossllnked polymer crossllnked by a catalyst 
or an uncrosslinked polymer, swelled by soaking it for an hour in methyl ethyl ketone to the volume of the same test 
25 film before It is soaked. The swell ratio is used to detennine the degree of crosslinklng, i.e., increase in the molecular 
weight of the polymer that results from crosslinklng in the presence of an oxidative catalyst. The lower the swell ratio, 
higher will be the crosslinklng of the polymer and vice versa. 

[0024] "Two-pack" or "two-component" composition refers to a coating composition which includes a polymeric com- 
ponent and a crosslinklng component stored separately and then mixed together shortly before use to form a pot mix. 

30 [0025] "Pot life" refers to the period of time at the end of which the pot mix is no longer useful, which occurs when 
an oxidizing enzyme in the crosslinklng component In the pot mix loses lis potency. Such a loss of potency is Indicated 
by a pot mix having a swell ratio of 20 or more. 
[0026] "Polymer solids" means polymer in Its dry state. 
[0027] "(meth)aorylate" Includes acrylate and methacryiate. 

35 [0028] Ranges specified are to be read as Inclusive, unless specifically identified otherwise. 

[0029] The present Invention is directed to a method of crosslinklng an oxidative polymer having oxidatively crosslink- 
able functional groups. The method includes contacting the oxidative polymer with a catalytic amount of an oxidizing 
enzyme to crosslink the oxidative functional groups on the oxidative polymer. Any conventional contacting step, such 
as by mixing, may be used. Mixing with stirring is preferred to ensure uniform mixing of the oxidizing enzyme with the 

40 oxidative polymer for improving the catalytic activity of oxidizing enzyme. The contacting step is typically conducted 
under ambient conditions. 

[0030] The oxidative polymer may be any copolymer provided with oxidatively crosslinkabie functional groups. The 
glass transition temperature of the oxidative polymer is in the range of from -40°C to 1 20° C, as measured by conven- 
tional differential scanning calorimetry (DSC). 

45 [0031] The oxidatively crosslinkabie functional groups suitable for use in the present Invention Include phenolic, 
active methylene, amino groups and combinations thereof. The foregoing oxidatively crosslinkabie functional groups 
in the oxidative polymer may result from polymerizing the oxidative polymer from an oxidative monomer mixture that 
Includes one or more of oxidative monomers. Altematlvely, these oxidatively functional group may be also Introduced 
through post-polymerization reaction. 

so [0032] Some of the phenolic oxidative monomers Include vinyllcaily, (meth)acryllcally, or allyllcally substituted: 

phenol, anisole, cresols (o, mand p), hydroxytoluene, 1 ,2-benzenediol, 2-hydroxybenzylalcohol, 2-methoxyphenol, 
3-methoxyphenol, 3,4-dimethyiphenol, 4-phenylphenol, 3-phenylphenol, 3-(3-phenoxyphenoxy)phenol, dlethyl- 
stllbesterol, 1-hydroxynaphthalene, 2-hydroxynaphthalen6, 1 ,3-dihydroxynaphthalene, and 1 ,5-dlhydroxynaph- 
55 thalene; and combinations thereof. Phenol and hydroxytoluene having vinyllc, (m6th)acryllc or allyllc substituents 
are preferred. Phenol having vinyllc substituents is more prefen-ed. 

[0033] By "active methylene" herein is meant the esters and amides of acetoacetic acid, malonic acid, and cyanoace- 
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tic acid. Preferred are the esters of acetoacetic acid. When monomer(s) which do not bear active methylene groups 
are used exclusively In the formation of the oxidative polymer or when additional acetoacetate groups are desired, 
acetoacetate groups may be Introduced by the use of acetoacetate-f unctlonal chain transfer agents as disclosed in U. 
S. Pat. No.4,9B0,924, or by post-reaction of a copolymerized monomer. Cyanoacetates and cyanoacetamldes may be 

s prepared by methods known in the art as disclosed, for example, in U.S. Pat. Nos. 3,554,987; 3,658,878; and 5,021 ,51 1 . 
In general, any polymerizabie hydroxy- or amino- functional monomer can be converted to the corresponding acetoa- 
cetate or acetoacetamide, before or after polymerization, by reaction with diltetene or other suitable acetoacetylatlng 
agent (See e.g. Comparison of Methods for the Preparation of Acetoacetyiated Coating Resins, Witzeman, J. S.; Dell 
Nottingham, W.; Det Rector, F. J. Coatings Technology; Vol. 62, 1 990, 1 01 (and references contained therein)). 

10 [0034] Some of the active methylene oxidative monomers include: 

ethylenicaliy unsaturated monomer bearing acetoacetate functionality sucli as, for example, vinyl acetoacetate, 
acetoacetoxyethyl acrylate, acetoacetoxyethyl methacrylate (AAEM), acetoacetoxypropyl methacrylate (AAPM), 
aliyi acetoacetate, acetoacetoxybuiyi methacrylate, 2,3-di(acetoacetoxy) propyl methacrylate, diacetoneacryla- 
is mide, acetoacetoxy dietyleneglycol methacrylate, and combinations thereof. Acetoacetoxyethyl(meth)acrylate Is 
preferred. 

[0035] Some of the amino oxidative monomers include: 

20 tert-butylaminoethyl (meth)acrylate, dimethyiaminopropyi (meth)acrylamlde, dimethyiaminoethyl (meth)acrylate, 
oxazoildinylethyi (m6th)acrylate, 2-vlnylpyridine or 4-vinyipyridine, aminostyrene; alkyi, aryl, or halo substitued 
aminostyrene; aryl or alkyi substituted diallyl-amine, vinylpiperidine, vinyllmidizole, 2-morpholinoethyl (meth)acr- 
yiate, and diailyl dimethyl ammonium chloride. Aminostyrene is preferred. 

25 [0036] Functional groups, such as, allylic, vinylic, acrylic, methacrylic, Itaconic, maleic, mercapto, sulfide, phosphino 
may be Introduced through post-polymerization reaction to also provide the oxidative polymer with oxidative function- 
alities. 

[0037] The amount of oxidative monomers in the oxidative monomer mixture is adjusted to provide a single chain of 
the oxidative polymer resulting therefrom with at least two oxidatively crossiinkable functional groups. Depending upon 

30 the degree of crossilnking desired, the amount of oxidative monomers in the oxidative monomer mixture may vary In 
the range of from 2 to 90 weight percent, preferably In the range of from 5 to 25 based on total polymer solids. 
[0038] The oxidatively crossiinkable functional groups of the oxidative polymer may be either in the backbone or 
attached to the polymer backbone as pendent moieties. The number of functional groups per chain of the oxidative 
polymer depends upon the GPC weight average molecular weight of the oxidative polymer and the molecular weight 

35 of the functional group. Thus, oxidative polymers having a GPC weight average molecularweight of 500,000 or greater, 
preferably in the range of from 500,000 to 2,000,000 may have in the range of from 2 to 4000, preferably in the range 
of from 6 to 3,000, of the oxidatively crossiinkable functional groups having a molecular weight in the rage of from 50 
to 500, preferably in the range of from 70 to 220. For oxidative polymers having GPC weight average molecular weight 
of less than 500,000, preferably in the range of from 5,000 to 500,000, may have in the range of from 2 to 2000, 

40 preferably in the range of from 1 0 to 600, of the oxidatively crossiinkable functional groups having molecular weight in 
the rage of from 50 to 500, preferably In the range of 70 to 220. 

[0039] The remainder of the monomers In the oxidative monomer mixture from which the oxidative polymer Is po- 
lymerized, include at least one of the following: 

[0040] An ethylenicaliy unsaturated monomer, such as, for example, acrylic ester monomers including methyl acr- 
■*s ylate, ethyl acrylate, butyl acrylate, 2-ethyihexyi acrylate, decyl acrylate, methyl methacrylate, ethyl methacrylate, butyl 
methacrylate, lauryl (meth)acrylate, Isobornyl (meth)acrylate, isodecyl (meth)acrylate, oleyl (meth)acrylate, palmityl 
{meth)acrylate, stearyl (meth)acrylate, glycidyi (meth)acrylate, hydroxyethyl (meth)acrylate, and hydroxypropyl (meth) 
acrylate; (meth)acrylamlde or substituted (meth)acrylamides, substituted with alpha-alkyi or aryl groups or N-alkyI or 
aryl groups; styrene or substituted styrenes, which are substituted with alkyi, aryl, aikoxy, chloro, bromo, iodo, or nitro 
so groups; butadiene; ethylene; vinyl acetate; vinyl ester of "Versatic" acid (a tertiary monocarboxylic acid having Cg, C^q 
and Cii chain length, the vinyl ester is also known as "vinyl versatate"); or other vinyl esters; vinyl monomers, such 
as, for example, vinyl chloride, vinylldene chloride, N-vinyl pyrrolidone; chloroprene and acrylonitrile or methacryloni- 
trile. Additionally copolymerlzableethylenlcally-unsaturated acid monomers in the range offrom0.1%to 50%, by weight 
based on the total weight of polymer solids of an acrylic acid, methacrylic acid, crotonic acid, Itaconic acid, fumaric 
55 acid, maleic acid, monometlyl itaconate, monomethyl fumarate, monobutyl fumarate, maleic anhydride, 2-acryiamido- 
2-methyl-1-propanesulfonic acid, sodium vinyl sulfonate, phosphoethyi methacrylate, and combinations thereof may 
be used. 

[0041 ] The oxidative polymer Is preferably polymerized from an oxidative monomer mixture that Includes, in addition 



5 



EP 0950 669 61 



to the oxidative monomer(s), at least one or more monoethylenlcally unsaturated monomer selected from the group 
consisting of methyl methacrylate, butyl acrylate, butyl methactylate, ethyl actylate, ethylhexyl acrylate, styrene, methyl 
styrene and mixtures thereof. 

[0042] Even more preferred oxidative polymer is polymerized from an oxidative monomer mixture that includes, In 
5 addition to the oxidative monomer(s), at least one or more of the following monomeric mixtures: 

1) butyl acrylate and methyl methacrylate, 

2) butyl methacrylate and methyl methacrylate, 

3) butyl acrylate and styrene, 

10 4) 2-ethylhexyl acrylate with methyl methacrylate, or 

5) 2-ethylhexyl acrylate with styrene. 

[0043] The oxidative polymermay be prepared by any known procedures, such as emulsion polymerization, solution 
polymerization, dispersion polymerization, and solid phase polymerization. Emulsion polymerization is prefen-ed. Some 
IS of the emulsion polymerization procedures are provided In well known texts on the subject such as "Emulsion Polym- 
erization: Theory and Practice" by D. C. Blackley published by Wiley in 1975 and "Emulsion Polymerization" by F. A. 
Bovey et al. published by Interscience Publishers in 1965. 

[0044] The polymerization techniques used to prepare a dispersed oxidative polymer are well known in the art. The 
dispersed oxidative polymers are preferably prepared by emulsion polymerization. Either themnal or redox initiation 

so processes may be used. Redox systems using the same initiators may be used at similar levels as thermal systems 
when coupled with a suitable reductant such as, for example, isoascorbic acid and sodium bisulfite. 
[0045] The polymerization process is typically initiated by conventional free radical initiators, such as, for example, 
hydrogen peroxide, benzoyl peroxide, t-butyi hydroperoxide, t-butyl peroctoate, ammonium and alkali persulfates, typ- 
ically at a level of 0.05% to 3.0% by weight, based on the weight of total monomer. 

ss [0046] The composition of the oxidative polymer may contain one or more conventional chain-transfer agents for 
controlling the molecular weight of the resulting oxidative polymer. Suitable chain transfer agents include, for example, 
Ci to alkyi or functional alkyi mercaptans, alkyi or functional alkyi mercaptoalkanoates orhalogenated hydrocar- 
bons, which may be employed at levels In the range of from about 0.1 percent to about 1 0 percent by weight based 
on total polymer solids. 

30 [0047] If desired, the oxidative polymermay be a sequential polymer, which includes particles containing two or more 
polymeric phases, such as, for example, an Inner phase, and an outer phase, wherein the outer phase Is the predom- 
inant phase In contact with the aqueous medium In which the particle Is dispersed. Some particles containing two or 
more polymeric phases Include core/shell particles, core/shell particles with shell phases Incompletely encapsulating 
the core, core/shell particles with a multiplicity of cores, or interpenetrating network particles. The oxidatlvely crosslink- 

33 able functional groups of the sequential polymer are preferably provided on the shell or on the outer phase. 

[0048] The sequential polymers are prepared by conventional emulsion polymerization process, preferably by well 
known multi-stage emulsion polymerization, in which at least two stages differing in composition are formed In a se- 
quential fashion. Such a process usually results in the fomiation of at least two mutually incompatible polymer com- 
positions, thereby resulting in the fomiation of at least two phases. Each stage of the sequential polymer particles may 

40 contain the same monomers, chain transfer agents, surfactants, as those disclosed earlier for the dispersed oxidative 
polymer. The emulsion polymerization techniques used for preparing such sequential polymers are well known In the 
art and are disclosed, for example, in the US Patents No. 4,325,856, 4,654,397 and 4,81 4,373. 
[0049] Alternath/ely, the oxidatlvely crossllnkable functional groups on the oxidative polymer may be produced by 
contacting an inactive polymer having domiant functional groups with an activating amount of an activating agent. 

4s [0050] The inactive polymer may be any copolymer provided with donnant functional groups. The glass transition 
temperature of the inactive polymer Is in the range of from -40°C to 1 20° C, as measured by conventional differential 
scanning calorimetry (DSC). 

[0051] The donnant monomers which contain donnant functional groups suitable for use in the present Invention 
include, but are not limited to, vinylfc, allyic, or (meth)acryilc ester substituted acetoxybenzene, acetoxytoluene, ace- 

so toxyanisoie, acetoxycresols (o, m and p), diacetoxybenzene, acetoxybenzylalcohol, 2-nltroacetoxybenzene, 3-nitroac- 
etoxybenzene, 4-nitroacetoxybenzene, 2-methoxyacetoxybenzene, 3-methoxyacetoxybenzene, 4-methoxyacetoxy- 
benzene, 3-phenylacetoxybenzene, 2-phenoxyacetoxybenzene, diethylacetoxystilbene, 1-acetoxynaphthalene, 2-ac- 
etoxynaphthalene, 1 ,3-diacetoxynaphthalene, 1 ,5-diacetoxynaphthalene, 2-propylacetoxysytrene, 2-propylacetox- 
ysytrene, S-propylacetoxysytrene, 4-propylac6toxysytrene, 2-propylacetoxytoiuene, 2-propylacetoxytoluene, 3-propy- 

55 lacetoxytoluene, 4-propylacetoxytoluene, 2-propylacetoxycreosol, 2-bromoacetoxybenzene, 2-bromoacetoxyben- 
zene, S-bromoacetoxybenzene, 4-bromoacetoxybenzene, 2,3-dibromoacetoxybenzene, 2-chloroacetoxybenzene, 
3-chloroacetoxybenzene, 4-chloroacetoxybenzene, 2,3-dichloroacetoxybenzene, 2-iodoacetoxybenzene, 2,3-diio- 
doacetoxybenzene, 3-lodoacetoxybenzene, 4-iodoacetoxybenzene, 2-fluoroacetoxybenzene, 3-fluoroacetoxyben- 
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zene, 4-fluoroacetoxybenzene, 2,3-difloroacetoxybenzene, 2,4-ciifloroacetoxybenzene, 2-fluoro-3-ethylacetoxyben- 
zene, 2-bromoacetoxybenzoic acid, 2-bromoacetoxybenzoic acid, 3-bromoacetoxybenzoic acid, 4-bromoacetoxyben- 
zoic acid, 2,3-dibromoacetoxybenzoic acid, 2-chloroacetoxybenzoic acid, 3-chloroacetoxybenzoic acid, 4-cliloroace- 
toxybenzoic acid, 2,3-dicliioroacetoxybenzoic acid, 2-iodoacetoxybenzolc acid, 2,3-dilodoacetoxyben2oic acid, 3-io- 

5 doacetoxybenzoic acid, 4-iodoacetoxybenzoic acid, 2-fluoroacetoxybenzolc acid, 3-f luoroacetoxybenzoic add, 4-fiuor- 
oacetoxybenzoic acid, 2,3-dif loroacetoxybenzoic acid, 2,4-difloroacetoxybenzoic acid, 2-fluoro-3-ethylacetoxybenzoic 
acid, 2-bromoacetoxybenzoic acid etinyl ester, 2-bromoacetoxybenzoic acid etiiyl ester, 3-bromoacetoxybenzoic acid 
ethyl ester, 4-bromoacetoxybenzoic acid etiiyl ester, 2,3-dibromoacetoxybenzoic acid ettiyl ester, 2-cliloroacetoxyben- 
zoic acid ethyl ester, 3-chloroacetoxybenzoic acid ethyl ester, 4-chloroacetoxybenzoic acid ethyl ester, 2,3-dichlDro- 

10 acetoxybenzoic acid ethyl ester, 2-lodoacetoxybenzoic acid ethyl ester, 2,3-dilodoacetoxybenzoic acid ethyl ester; 3-io- 
doacetoxybenzolc acid ethyl ester, 4-iodoacetoxybenzoic acid ethyl ester, 2-fluoroacetoxybenzolc acid ethyl ester, 
3-fluoroacetoxybenzoic acid ethyl ester, 4-fluoroacetoxybenzoic acid ethyl ester, 2,3-difloroacetoxybenzoic acid ethyl 
ester, 2,4-difloroaoetoxybenzoic acid ethyl ester, 2-fluoro-3-ethylacetoxybenzoic acid ethyl ester, acetamidobenzene, 
acetamidotoluene, acetamidoanisole, acetamldocresols (o, m and p), diacetamldobenzene, acetamidobenzylalcohol, 

IS 2-methoxyacetamidobenzene, 3-methoxyaoetamidobenzene, 4-methoxyacetamidobenzene, 3-phenylacetamidoben- 
zene, 2-phenoxyacetamldobenzene, diethylacetamidostilbene, 1-acetamidonaphthalene, 2-acetamidonaphthalene, 
1 ,3-diacetamidonaphthalene, 1 ,5-diacetamidonaphthalene, 2-propylacetamidosytrene, 2-propylacetamidosytrene, 

3- propylacetamidosytrene, 4-propylacetamldosytrene, 2-propylacetamldotoluene, 2-propylacetamidotoluene, 3-pro- 
pylacetamldotoluene, 4-propylacetamidotoluene, 2-propylacetamidocreosol, 2-bromoacetamidobenzene, 2-bromoa- 

20 cetamidobenzene, 3-bromoacetamidobenzene, 4-bromoacetamidobenzene, 2,3-dibromoaoetamidoben2ene, 2-chlo- 
roacetamidobenzene, S-chloroacetamldobenzene, 4-chloroacetamidoben2ene, 2,3-dichloroacetamidoben2ene, 2-lo- 
doacetamidobenzene, 2,3-dliodoacetamidobenzene, 3-iodoacetamldobenzene, 4-iodoacetamidobenzGne, 2-fluoroa- 
cetamidobenzene, 3-fluoroacetamidobenzene, 4-fluoroacetamldobenzene, 2,3-difioroacetamidobenzene, 2,4-difloro- 
acetamidobenzene, 2-fluoro-3-ethylacetamidobenzene, acetamidobenzylalcohol, 2-nltroacetamldobenzene, 3-nitroa- 

25 cetamidobenzene, 4-nitroacetamldobenzene, 2-bromoacetamidobenzoic acid, a-bromoacetamldobenzolc acid, 3-bro- 
moaoetamidobenzoic acid, 4-bromoacetamidobenzoic acid, 2,3-dibromoacetamidobenzoic acid, 2-chloroacetamido- 
benzolc acid, 3-chloroacetamidobenzoic acid, 4-chioroacetamidobenzoic acid, 2,3-dichloroacetamidobenzolc acid, 
2-iodoacetamidobenzoic acid, 2,3-diiodoacetamidobenzoic acid, 3-iodoacetamldobenzoic acid, 4-iodoacetamidoben- 
zoic acid, 2-fluoroacetamldobenzoic acid, 3-fluoroacetamidobenzoic acid, 4-fluoroaoetamidobenzoic acid, 2,3-difloro- 

30 acetamidobenzolc acid, 2,4-difioroacetamidobenzoic acid, 2-fluoro-3-ethylacetamidobenzolc acid, 2-bromoacetami- 
dobenzoic acid ethyl ester, a-bromoaoetamidobenzoic acid ethyl ester, 3-bromoacetamidobenzolc acid ethyl ester, 

4- bromoacetamldobenzolc acid ethyl ester, 2,3-dlbromoacetamidoben2olc add ethyl ester, 2-chloroacetamidobenzoic 
add ethyl ester, 3-chloroacetamldobenzolc add ethyl ester, 4-chloroacetamidobenzolG acid ethyl ester, 2,3-dichloro- 
acetamidobenzoic add ethyl ester, 2-iodoacetamidobenzoic add ethyl ester, 2,3-dllodoacetamldobenzoic add ethyl 

35 ester, 3-lodoacetamidobenzoic add ethyl ester, 4-iodoacetamidobenzoic add ethyl ester, 2-fluoroacetamldobenzolc 
acid ethyl ester, 3-fluoroacetamidobenzoic acid ethyl ester, 4-fluoroacetamidobenzolc acid ethyl ester, 2,3-dlfloroa- 
cetamidobenzolc acid ethyl ester, 2,4-difloroacetamidobenzoic acid ethyl ester, 2-fluoro-3-ethylacetamldobenzoic acid 
ethyl ester; 0-propanoylphenol, 0-butanoylphenol, 0-pentanoylphenol, 0-hexanolylphenol, 0-heptanoylphenol, O- 
octanoylphenol, 0-nonanoylphenol, O-decanoylphenol, 0-dodecanoylphenol, O-benzoylphenol, N-benzoylamlnoben- 

40 zene, N-propanoylaminobenzene, N-butanoylaminobenzene, N-pentanoylaminobenzene, N-hexanoylaminobenzene, 
N-heptanoylamlnobenzene, N-octanoylaminobenzene, N-nonanoylaminobenzene, N-decanoylamlnobenzene, N-do- 
decanoylaminobenzene, phenolic phosphate esters and, mono and dialkyi phenolic phosphate ester where the phe- 
nolic substltuent can be optionally substituted with alky, aryl, alkoxy, phenoxy, halo, nitro, and sulfonyl groups; and 
combinations thereof. The foregoing donnant functional groups in the inactive polymer may result from polymerizing 

45 the donnant monomer mixture which includes one or more of donnant monomers. Alternatively, these dormant func- 
tional group may be also Introduced through post-polymerization reaction. 

[0052] The amount of dormant monomers in the dormant monomer mixture is adjusted to provide at least two dormant 
functional groups per inactive polymer chain. Depending upon the degree of crosslinking desired, the amount of dor- 
mant monomers In the dormant monomer mixture may vary In the range of from 2 to 90 weight percent, preferably In 

so the range of from 5 to 25 based on total polymer solids. 

[0053] The donnant functional groups of the inactive polymer may be either in the backbone or attached to the 
inactive polymer backbone as pendent moieties. The number of functional groups per chain of the inactive polymer 
depends upon the GPC weight average molecular weight of the inactive polymer and the molecular weight of the 
functional group. Thus, inactive polymers having a GPC weight average molecular weight of 500,000 or greater, pref- 

55 erably In the range of from 500,000 to 2,000,000 may have in the range of from 2 to 4000, preferably in the range of 
from 6 to 3,000, of the domiant functional groups having a molecular weight In the rage of from 50 to 500, preferably 
in the range of from 70 to 220. For Inactive polymers having GPC weight average molecular weight of less than 500,000, 
preferably In the range of from 5,000 to 500,000, may have in the range of from 2 to 2000, preferably In the range of 



7 



EP 0 950 669 B1 



from 10 to 600, of the dormant functional groups having molecuiar weight in the rage of from 50 to 500, preferably In 
the range of 70 to 220. 

[0054] The remainder of the monomers In the dormant monomer mixture from which the inactive polymer is polym- 
erized are the same as those listed earlier for the oxidative polymer. The manner in which the Inactive polymer Is 
5 polymerized is the same process as that used in the polymerization of the oxidative polymer described earlier. 

[0055] The activating agent is selected from the group consisting of an activating acid, activating base, activating 
enzyme, and combinations thereof. An activating enzyme is preferred. 

[0056] The activating amount of the activating enzyme used in activating the dormant functional groups on the Inactive 
polymer into the oxidatively crossllnkable functional groups generally varies in the range of from 1 0 parts per million 
10 (ppm) to 50,000 ppm, preferably In the range of from 1 00 ppm to 1 0,000 ppm and most preferably in the range of from 
100 ppm to 500 ppm based on total polymer solids. The foregoing quantities are based on using substantially pure 
activating agents. Correspondingly higher activating amount of the activating enzyme would be required when lesser 
pure activating enzyme Is used. 

[0057] Activating acids include but are not limited to hydrochloric, nitric, sulfuric, trifluoroaoetic, phosphoric acids, 
IS and combinations thereof. Activating bases include but are not limited to lithium hydroxide, sodium hydroxide, potas- 
sium hydroxide, sodium methoxide, sodium ethoxide, ammonium hydroxide, and combinations thereof. Activating acids 
and bases are used in the range of from 0.25 molar equivalents to 2.0 molar equivalents per mole of dormant functional 
group present in the Inactive polymer, preferably in the range of from 0.75 molar equivalents to 1 .25 molar equivalents 
per mole of donnant functional group present In the inactive polymer. 
20 [0058] The activating enzyme suitable for use in the present invention include lipase {EC 3.1.1.3), esterase (EC 
3.1 .1 .1), and phosphatase (EC 3.1 .3.1), or mixtures thereof. Activating enzymes generally have a unit activity in the 
range of from 1 0 to 500,000, preferably in the range of from 1 00 to 500,000 per mg of enzyme solids. Lipase, which 
has a unit activity in the range of from 1 0 to 500,000 preferably in the range of from 1 000 to 500,000 per mg of enzyme 
solids is particularly preferred. 

25 [0059] The activating enzymes may be employed in the fomi of a powder, solution, or a dispersion. The activating 
enzymes dispersed in water are prefen-ed and those dispersed in buffered water are more preferred. All enzymes are 
given an Enzyme Commission (E.C.) number under the Enzyme Commission Classification Scheme so that each 
enzyme can be uniquely identified. All E.C. numbers have four fields separated by periods, for example, In "E.C. 
1 .2.3.4", the extreme left numeral represents the most broad classification for the enzyme. The numerals thereafter 

30 represent a finer division of that broad category. The third numeral provides for a more detailed infonnation and the 
fourth numeral (extreme right field) defines the specific enzyme. For example: 

"Lipase" (acylhydroiase, EC 3.1.1.3) and "esterase" (carboxylic-ester hydrolase, EC 3.1. 1.1)catalyze the hydrol- 
ysis and foHTiation of ester and amide bonds. "Phosphatase" (Phosphoric monoester phosphohydrolase, EC 
35 3.1 .3.1) catalyzes the hydrolysis of phosphate esters. See pages 652, 432, and 832, respectiviiy, of Sigma 1997 

catalog entitled "BIOGHEM ICALS AND REAGENTS FOR LIFE SCIENCE RESEARCH", supplied by Sigma Chem- 
ical, PO Box 14508, St. Louis, MO 63178. 

[0060] The degree of activation of the donnant groups into oxidatively crossllnkable function groups achieved de- 

40 pends on the activity of the activating enzyme used , its purity, the presence of a co-factor during the activation process, 
temperature and the pH of the pot mix that results from the mixing of the inactive polymer with the activating amount 
of the oxidizing enzyme. Typical lipase activities range from 1 0 to 1 00 units/mg solid protein for crude, 1 000 to 400,000 
units/mg solid for purified lipase. Typical esterase activities range from 1 0 to 1 00 units/mg solid protein for crude, 1 00 
to 5000 units/mg solid for purified esterase. Typical phosphatase activities range from 1 to 1 00 units/mg solid protein 

45 for crude, 1000 to 5000 units/mg solid for purified phasphatase. 

[0061] The catalytic amount of the oxidizing enzyme is an amount that is sufficient to crosslink the oxidatively 
crossllnkable functional groups on the oxidative polymer for achieving a desired degree of crosslinking of the oxidative 
polymer. The degree of crosslinking is expressed as a swell ratio. The lower the swell ratio, the higher will be the 
crosslinking of the oxidative polymer. 

so [0062] The catalytic amount of the oxidizing enzyme suitable for use in the method of the present Invention may vary 
in the range of from 25 parts per million (ppm) to 1 0,000 ppm, preferably in the range of from 50 ppm to 600 ppm and 
most preferably in the range of from 1 00 ppm to 300 ppm based on total polymer solids. The foregoing quantities are 
based on using substantially pure oxidizing enzymes. Con-espondingly higher catalytic amount of the oxidizing enzyme 
would be required when lesser pure oxidizing enzyme is used. 

55 [0063] The oxidizing enzyme suitable for use In the present invention Include laccase, polyphenol oxidase, horse- 
radish peroxidase, soybean peroxidase, pea peroxidase, guar beans peroxidase, garbanzo beans peroxidase, runner 
beans peroxidase, rice peroxidase, cotton peroxidase or mixtures thereof. Oxidizing enzymes generally have a unit 
activity in the range of from 20 to 1 000, preferably in the range of from 1 00 to 1 000 per mg of enzyme solids. Horseradish 
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peroxidase, which has a unit activity In the range of from 40 to 1000, preferabiy in the range of from 1 00 to 1 000 per 
mg of enzyme solids Is particularly preferred. 

[0064] The oxidizing enzymes may be employed in the fomi of a powder, solution, or a dispersion. The oxidizing 
enzymes dispersed In water are preferred and those dispersed in buffered water are more prefen-ed. For example: 

5 [0065] "Horseradish peroxidase (HRP)" (Donor: hydrogen-peroxide oxldoreductase; EC 1,11.1 .7) is a glycoprotein 
with a hemin prosthetic group and bound Ca*+. The molecular weight of native horseradish peroxidase Is 44,000. (Ref . 
Welinder, K.J., Eur. J. Biochem., 96, 483 (1979)). See also page 812 of Sigma 1997 catalog entitled "BIOCHEMICALS 
AND REAGENTS FOR LIFE SCIENCE RESEARCH". One of the sources of horseradish peroxidase is horseradish 
roots. These are roots of a hardy perennial plant (Armoracia lapathifolia) of the mustard family (Brassicaceae, or Cru- 

10 ciferae). It Is a hotly pungent, fleshy root, Other sources of peroxidase Include arthromyces ramosus, Bovine mlll< 
(lactoperoxidase), and equine heart, HRP is supplied by Sigma Cliemical, PO Box 14508, St. Louis, MO 63178. 
[0066] "Laccase (benzenediol: oxygen oxidoreductase, EC1 ,1 0,3,2)" Is a copper containing glycoprotein. The mo- 
lecularwelght of laccase isolated from B. c/nerea fungi is -74,000 (Ref: D. Slomczynsl<i, etal., Applied and Envionmental 
Microbiology, 61 , 907 (1995). See also page 629 of Sigma 1997 catalog entitled "BIOCHEMICALS AND REAGENTS 

'5 FOR LIFE SCIENCE RESEARCH". Sources for laccase include plants, fungal, and Insects. Laccase is supplied by 
Sigma Chemical, PO Box 14508, St. Louis, MO 63178. 

[0087] The degree of crossilnking achieved depends on the activity of the oxidizing enzyme used, its purity, the 
presence of a co-factor during the crossilnking process, temperature and the pH of the pot mix that results from the 
mixing of the oxidative polymer with the catalytic amount of the oxidizing enzyme. Typical peroxidase activities range 
20 from 40 unlts/mg solid protein for crude horseradish peroxidase to 1 000 units/mg solid for purified horseradish perox- 

[0068] Some of the oxidizing enzymes may require the presence of an oxidant to bring about the crosslinking of the 
oxidative polymer. The type of an oxidant being utilized depends upon the type of oxidizing enzyme being used. For 
example, hydrogen peroxide having the strength in the range of 1% to 90%, preferably In the range of 5% to 50%, and 

SB most preferably in the range of 1 0% to 30% may be employed with horseradish peroxidase. The other suitable oxidants 
include ozone, atmospheric oxygen, t-butyl hydrogen peroxide, cumine hydroperoxide, perbenzoic acid, peracetic acid, 
m-chloroperbenzoic acid, sodium and ammonium persulfate, sodium and potassium perchlorate, sodium and potas- 
sium perlodate, and sodium and potassium perbromate. f-Butyl hydrogen peroxide, hydrogen peroxide, sodium and 
ammonium persulfate and atmospheric oxygen are preferred. Hydrogen peroxide Is more preferred, 

30 [0069] Stability and activity of the oxidizing enzyme In addition to the temperature and pH of the pot mix also depends 
upon the specific enzyme and the source from which the oxidizing enzyme comes from. For example, laccase when 
measured over a pH range of 1 .5 to 7.0 and a temperature range of 0 to 85°C was found to have optimum activity at 
a pH of -3.5 and - 50°C. However, the enzyme did show activity over the complete range of conditions evaluated. 
(Ref: D. Slomczynski, et al.. Applied and Environmental Microbiology, 61, 907 (1995). Horseradish peroxidase was 

35 shown to be active over a pH range of at least 5 to 7,5 by J, A, Akkara, et, al (J. Polymer Science: Part A: Polymer 
Chemistry, 29, 1561-1574 (1991)) when used to polymerize phenolic monomers. 

[0070] Thus, the pH of the pot mix may vary in the range of from 3 to 1 1 , preferably in the range of from 5 to 1 0, and 
most preferably In the range of from 7 to 9. The pH of the pot mix may be adjusted by utilizing acids or bases, such 
as, sodium and potassium hydroxide; sodium and potassium carbonate; sodium and potassium bicarbonate; ammonia; 
40 amines, such as, triethanoi amine, triethylamine, 2-hydroxy propylamine, hydroxyethylamine, and dihydroxyethyl- 
amine; acetic acid ; fomrilc acid; hydrochloric acid; sulfuric acid; nitric acid; benzoic acid; sodium and potassium bisulfate; 
phosphoric acid; phosphorous acid and combinations thereof. Ammonia is preferred when It Is desired to raise the pH . 
Phosphoric acid is preferred when it is desired to lower the pH. 

[0071 ] The present invention is also directed to a two-pack composition which includes a polymeric component and 
45 a catalytic component. The oxidative polymer Is included in the polymeric component and a catalytic amount of the 
oxidizing enzyme Is Included in the catalytic component. Generally, the two foregoing components of the coating com- 
position are stored separately and then mixed in a conventional way just priorto use to fonn a pot mix. The pot mix of 
the coating composition of the present invention is sufficiently fluid to allow the user to readily apply the pot mix by 
conventional application means, such as air-assisted spray or airless spray, roll, brush, curtain, squeegee, flood, disc, 
so and dip-coating methods over a substrate surface. 

[0072] The potlife of the pot mix depends upon a number of factors, such as for example the amount, type, purity 
and maintenance of the enzyme potency in the pot mix environment and the number of the oxidatively crossllnkable 
functionalities present on each polymer chain of the oxidative polymer and the type of the oxidatively crosslinkable 
functionalities present on the oxidative polymer. Generally, the potlife of the two-pack composition of the present in- 
55 vention varies in the range of from 1 0 hours to a year, typically in the range of from two weeks to six months. 

[0073] The composition of the present Invention may be used as a coating composition, as a molding composition, 
suitable for use in conventional molding methods, or in a polymer cement composite. 

[0074] When utilized as a coating composition, a layer of the pot mix is conventionally applied to a substrate under 
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ambient conditions. Once appiied, the oxidativeiy crossiinl<able functional groups on the oxidative polymer of the com- 
position orossiinl< to form a coating on the substrate. 

[0075] The coating composition of the present invention may contain conventional additives, such as, for example, 
emulsifiers, pigments, fillers, coalescing agents, anti-migration aids, aqueous solutions or dispersions of non-functional 

5 polymers, curing agents, thickeners, humectants, wetting agents, biocides, plasticizers, antifoaming agents, colorants, 
and anti-oxidants. Examples of pigments that may be employed Include clays, calcium carbonate, talc, titanium dioxide, 
carbon black, and various colored pigments. In the paint industry, alkyds or oils are sometimes added to promote cure 
and adhesion to difficult substrates. The amount of the foregoing additives added to the composition is not critical. 
Generally most of these additives are added to the polymeric component of the composition. 

10 [0076] The coating compositions of the present invention may be used as top coats, intennediate coats, or primer 
coats and are useful as paints, wood lacquers, stains, varnishes, adhesives and inks. The substrates to which the 
composition of this Invention may be applied include wood, plastic, leather, paper, woven and nonwoven fabrics, metal, 
plaster, cementltious and asphaltic substrates, and previously primed or coated substrates. The coating composition 
may fulfill a decorative or protective function, or both, or may act as a primer or as an adhesive when disposed between 

'5 two coatings or between two such substrates. 

[0077] The composition is also well suited for producing articles, such as roof tiles, from a cement formulation that 
includes the coating corriposition of the present Invention and cement. To produce a cement article, the pot mix is 
thoroughly mixed in with cement, which is then worked in a conventional roof tile making process to produce roof tiles. 
If desired, the pot mix/ cement may contain additional components, such as, fiber glass, wood chips or wood fibers, 

20 mineral wool or combinations thereof, if desired the cement may be added to the polymeric component or the crosslink- 
ing component, which are then mixed. 

[0078] if desired, the coating composition of the present invention may applied in the form of a foam layer over 
substrate surfaces, such as reconstituted wood substrates by including the foaming agent in the composition. The 
foaming techniques and methods, such as those disclosed in the United States Patent Nos. 5,635,248 and 5,695,823, 
ss which are incorporated herein by reference are suitable for the composition of the present invention for producing 
sealer coatings on reconstituted wood substrates. 

[0079] The coating composition of the present invention may be also applied in the fonn of a foam layer over cement 
substrate to reduce efflorescence on the cement substrate surface by including the foaming agent in the composition. 
The techniques and methods disclosed in the United States Patent No. 5,718,943, , which is incorporated herein by 
30 reference are suitable for the composition of the present invention for producing efflorescent resistant coatings on 
cement substrate surfaces. 

Swell Ratio Procedure 

35 [0080] A polymer film having a dry film thickness of 50 microns was prepared by applying a layer of a pot mix with 
a conventional draw-down bar over a film releasing substrate made from Teflon® tetrafluroethylene, supplied by DuPont 
Company, Wilmington, Delaware. The layer was dried at room temperature for various time durations, specified In 
Examples below, to produce the dry film. The film was then peeled off from the film releasing substrate and cut into 1 
cm square test specimens. The test specimens were immersed In methyl ethyl ketone for 1 hour. The degree of swelling 

40 is detemilned by measuring the width of the immersed specimen after 1 hour of soaking in methyl ethyl ketone. A swell 
ratio of the film was calculated to detennine the extent of crosslinking that was achieved by the oxidizing enzyme. The 
swell ratio Is calculated by using the following equation: 

45 Swell Ratio = (width of the immersed speclmen)^/(1 cm)^ 

[0081 ] A swell ratio of 20 or less is usually indicative of polymer crosslinking. A swell ratio of from 1 0 to 1 5 is indicative 
of light crosslinking. A swell ratio of 5 to 1 0 is indicative of moderate crosslinking. A swell ratio of from 1 to 5 Is Indicative 
of high crosslinking. 

50 

IWEK Rubs Procedure 

[0082] A polymer film having a dry film thickness of 50 microns was prepared by applying a layer of a pot mix with 
a conventional draw-down bar over an aluminum panel substrate. The layer was dried at room temperature for various 
55 time durations, specified in Examples below, to produce a coating on the panel. MEK double rubs were tested by using 
a Crockmeter, supplied by Atlas Electrical Services Company, Chicago, Illinois, by mounting the coated panel on the 
Crockmeter, applying methyl ethyl ketone to the cheese cloth wrapped on the rubbing probe of the Crockmeter, and 
placing the probe on the surface of the coating on the panel. The MEK double mb end point was detemilned by the 
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number of back and forth strokes of the probe on the coating required to expose the underlying substrate. The higher 
the number of strokes required to expose the underlying surface, better will be the crossiinking of the oxidative polymer 
achieved by the method of the present invention. 



Abbreviations used in Examples below 


MEM 


Acetoacetoxy ethyl methacrylate 


BMA 


Butyl methacrylate 


BA 


butyl acrylate 


MAA 


Methacrylic Acid 


MMA 


Methyl Methacrylate 


n-DDM 


n-Dodecyl Mercaptan-Chain transfer agent (CTA) 



IS 

Example 1 

[0083] To a 3 liter stirred reactor containing 437.8 g. of deionized water (Di water) heated to 85 ° C under a nitrogen 
atmosphere, was added 0.5 grams of ammonium hydroxide (28% active), 74 grams of a polymer seed latex (solids 

20 content 41 .5%, average particle diameter of 60nm), and 27.5 grams of Di water followed by a solution of 1 .72 grams 
of ammonium persulfate In 1 2.5 grams of DI water to fonn a reaction mixture. The following dormant monomer mixture 
was then added to the reaction mixture over 150 minutes along with a solution of 1 gram of ammonium persulfate 
dissolved In a solution of 4 grams of ammonium hydroxide and 47.5 grams of DI water. Afterthe feeds were completed 
the donnant monomer mixture container was rinsed with 50 grams of DI water and the ammonium persulfate container 

25 was rinsed with 5 grams of DI water. These rinses were then added to the reaction mixture. 



Monomer Mix; 


in grams (g) 


DI water 


233.0 


surfactant* (58% active) 


13.0 


butyl methacrylate 


569.8 


butyl acrylate 


177.8 


acetoxy styrene (97% active) 


104.2 


styrene 


151.6 


methacrylic acid 


20.2 


n-Dodecanethiol 


2.5 


DI water rinse 


65.0 



I salt of a suliBted alky^ilienal ethoxylate wtth an average of 4 moles of ethylene oxide. 



[0084] Upon completion of the polymerization, 0.005 grams of FeS04 in 3.3 grams of DI water, 0.16 grams of tetra- 
sodlum salt of ethylenediamlne tetraacetic acid In 16.3 grams of DI water, 1.2 g of t-butylhydroperoxide In 15 grams 
of DI water and 1 .23 grams of Isoascorbic acid In 33.6 grams of DI water were added at 65°C to the reaction product. 
The reaction mixture was diluted with 40.35 grams of Di water. The resulting inactive polymer had a solids content of 

4S 50.2 % and an average particle diameter of 1 89 nm. 

[0085] A 20 gram sample of the forgoing Inactive polymer was then mixed with 2 grams of butyl Cellosolveoosolvent. 
To the mixture, 0.5 ml of E-3128 (EC 3.1 .1 .1) esterase supplied by Sigma Chemical, PO Box 14508, St. Louis, iVIO 
631 78 (1 ml contains 1 5 mg of enzyme and there are 300 units/mg. One unit will hydrolyze 1 micromole of ethyl butyrate 
per minute at pH 8 and 25°C) was added to generate a phenolic functionality on the Inactive polymer. Thereafter, 0. 1 50 

so ml of P-641 0 horseradish peroxidase supplied by Sigma Chemical, St. Louis, MO 631 78 was added (0.15 ml is equiv- 
alent to 3.15 mg enzyme having 250 units activity per mg). The mixture was then conventionally applied to a plastic 
sheet as a clear layer having a dry film thickness of 50 microns. The layer was air dried for 7 days to form a film. 
Thereafter, specimens of the film were removed and measured for the degree of crossiinking achieved by the oxidizing 
enzyme. The film was found to have a swell ratio of 3.4 indicating significant crossiinking of the oxidative polymer by 

55 the oxidizing enzyme. 

[0086] For comparison, a film from a mixture containing all the foregoing components, except for horseradish per- 
oxidase was applied and air dried in a similar fashion. The dry film dissolved in methyl ethyl ketone indteating lack of 
crossiinking of the oxidative polymer. 
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Example 2 

[0087] To a 3 liter stirred reactor containing 423.1 g , of deionized water (DI water) heated to 85 " C under a nitrogen 
atmosphere, was added 0.5 grams of ammonium hydroxide (28% active), 74 grams of a polymer seed latex (solids 

5 content 41 .5%, average particle diameter of 60nm), and 27.5 grams of DI water followed by a solution of 1 .72 grams 
of ammonium persulfate in 1 2.5 grams of DI water to fomi a reaction mixture. The following dormant monomer mixture 
was then added to the reaction mixture over 150 minutes along with a solution of 1 gram of ammonium persulfate 
dissolved in a solution of 4 grams of ammonium hydroxide and 47.5 grams of DI water. After the feeds were completed, 
the donnant monomer mixture container was rinsed with 50 grams of DI water and the ammonium persulfate container 

10 were rinsed with 5 grams of DI water. These rinses were then added to the reaction mixture. 



Monomer Mix: 


in grams (g) 


DI water 


233.0 


surfactant* (58% active) 


13.0 


butyl methacrylate 


360.7 


butyl actylate 


275.9 


acetoxy styrene (97% active) 


208.4 


styrene 


151.6 


methacrylic acid 


20.2 


n-Dodecanethlol 


2.5 


DI water rinse 


65.0 



• ammonium salt of a sulfated alkylphenol ethoxylate wllti an average of 4 moles of ethylene oxide. 



[0088] Upon completion of the polymerization, 0.005 grams of FeS04 in 3.3 grams of DI water, 0.1 6 grams of tetra- 
sodium salt of ethylenediamine tetraacetic acid in 16.3 grams of DI water, 1.2 g of t-butyihydroperoxide in 15 grams 
of DI water and 1 .23 grams of Isoascorbic acid in 33.6 grams of DI water were added at 65°C to the reaction product. 
The reaction mixture was diluted with 40.35 grams of DI water. The resulting inactive polymer had a solids content of 

30 49.8% and an average particle diameter of 204 nm. 

[0089] A 20 gram sample of the forgoing inactive polymer was then mixed with 2 grams of Butyl Cellosolve cosolvent. 
To the mixture, 0.3 ml of E-3128 (EC 3.1 .1.1) esterase supplied by Sigma Chemical, St. Louis, Missouri (1 ml contains 
15 mg of enzyme and there are 300 units/mg. One unit will hydroiyze 1 micromole of ethyl butyrate per minute at pH 
8 and 2S°C) was added to generate a phenolic functionality on the inactive polymer. Thereafter, 0.150 ml of P-B140 

35 horseradish peroxidase supplied by Sigma Chemical, PO Box 14508, St. Louis, MO 63178 was added (0.15 mi Is 
equivalent to 3.15 mg enzyme having 250 units activity per mg). The mixture was then conventionally applied to a 
plastic sheet as a clear layer having a dry film thici<ness of 50 microns. The layer was air dried for 7 days to form a 
film. Thereafter, specimens of the film were removed and measured for the degree of crosslinldng achieved by the 
oxidizing enzyme. The film was found to have a swell ratio of 4.5 indicating significant crossllnldng of the oxidative 

40 polymer by the oxidizing enzyme. 

[0090] For comparison, a film from a mixture containing all the foregoing components, except for horseradish per- 
oxidase was applied and air dried in a similar fashion. The diy film dissolved in methyl ethyl l<etone Indicating lack of 
crosslinking of the oxidative polymer. 

45 Example 3 

[0091] A 20 gram sample of the forgoing Inactive polymer was then mixed with 2 grams of Butyl Cellosolve cosolvent. 
To the mixture, 1 g of E-1754 (EC 3.1 .1 .3) lipase supplied by Sigma Chemical, PO Box 14508, St. Louis, MO 63178 
(There are 950 units/mg and one unit will hydroiyze 1 micro equivalent of fatty acid from olive oil In one hour at pH 7.2 

50 at 37°C.) was added to generate a phenolic functionality on the Inactive polymer. Thereafter, 0.1 50 ml of P-61 40 horse- 
radish peroxidase supplied by Sigma Chemical, PO Box 14508, St. Louis, MO 631 78 was added (0.15 ml Is equivalent 
to 3.15 mg enzyme having 250 units activity per mg). The mixture was then conventionally applied to a plastic sheet 
as a clear layer having a dry film thickness of 50 microns. The layer was air dried for 7 days to form a film. Thereafter, 
specimens of the film were removed and measured for the degree of crosslinking achieved by the oxidizing enzyme. 

ss The film was found to have a swell ratio of 2.9 indicating significant crosslinking of the oxidative polymer by the oxidizing 
enzyme. 

[0092] For comparison, a film from a mixture containing all the foregoing components, except for horseradish per- 
oxidase was applied and air dried in a similar fashion. The dry film dissolved in methyl ethyl ketone Indicating lack of 
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crosslinking of the oxidative polymer. 
Example 4 

5 [0093] To a 5 liter stirred reactor containing 797.0 g. of deionized water (Dl water) iieated to 90° C under a nitrogen 
atmosphere, was added 148 grams of a polymer seed latex (solids content 41 .5%, average particle diameter of 60nm), 
40 grams of Dl water and a solution of 3.45 grams of ammonium persulfate in 25 grams of Dl water to fomi a reaction 
mixture. The following oxidative monomer mixture was then added to the reaction mixture over 1 20 minutes along with 
a solution of 2 gram of ammonium persulfate dissolved in a solution of 9.1 grams of ammonium hydroxide and 95 

10 grams of Dl water. The oxidative monomer mixture container was rinsed with 230 grams of Dl water and the ammonium 
persulfate container was rinsed with 10 grams of Dl water. Both of the rinses were added to the reaction mixture. 



Monomer Mix: 


in grams (g) 


01 water 


466.0 


ammonium lauryl sulfate (26.7% active) 


56.0 


Methyl methacrylate 


666.9 


butyl acrylate 


808.4 


acetylacetoxyethyl methacrylate 


202.1 


styrene 


303.2 


methacryllc acid 


40.4 


n-Dodecanethiol 


5.1 



[0094] Upon completion of the polymerization, 0.01 grams of FeS04 in 6.6 grams of Dl water, 0.3 grams of tetraso- 
dlum salt of ethylenediamlne tetraacetic acid In 32.6 grams of Dl water, 1 .8 g of t-butylhydroperoxide In 20 grams of 
Dl water and 1 .64 grams of Isoasoorbic acid in 30 grams of Dl water were added at 65°C to the reaction product. The 
reaction mixture was neutralized with 68 grams of ammonium hydroxide (28.8% active) and diluted with 147.5 grams 
of Dl water. The resulting oxidative polymer had a solids content of 49.3% and an average particle diameter of 1 89 nm. 
[0095] TlOg grind [16.4 g Tl Pure® titanium dioxide supplied by DuPont Company, Wilmington, Delaware, 0.7 g 
dispersing, 0.1 g ammonia (28% strength), 0.2 g surfactant, 0.1 g defoamer, and 1 .6 g water] mixed with 54 g of the 
oxidative polymer and B grams of Butyl Cellosolve cosolvent, 1 .5 grams of propylene glycol was added to 12.6 grams 
of water to fomi a paint. To the paint, 0.6 ml of P-6140 horseradish peroxidase P-6140 (EC 1 .11 .1 .7) supplied by Sigma 
Chemical, PO Box 14508, St. Louis, MO 63178 (1 ml contains 21 mg enzyme which has an activity of 250 unlts/mg. 
One unit will form 1 mg of purpurogallln from pyrogallol In 20 sec. at pH 6 and 20"'C) was added (0.1 5 ml Is equivalent 
to 3.15 mg enzyme having 250 units activity per mg). The pot mix was then conventionally applied to a plastic sheet 
as a clear layer having a dry film thickness of 50 microns. The layer was air dried for 4 days to form a film. Thereafter, 
specimens of the film were removed and measured for the degree of crosslinking achieved by the oxidizing enzyme. 
The film was found to have a swell ratio of 5.7 Indicating significant crosslinking of the oxidative polymer by the oxidizing 
enzyme. 

[0096] For comparison, a film from a mixture containing all the foregoing components, except for horseradish per- 
oxidase was applied and air dried in a similarfashion. The dry film had a swell ratio of 7 in methyl ethyl ketone indicating 
less crosslinking of the oxidative polymer in the absence of the oxidizing enzyme. 

[0097] A layer having a dry film thickness of 50 microns was applied over Crockmeter test panel, which was then 
dried for 11 days under ambient condition to fonn a coating on the substrate panel. When the coating was subjected 
to MEK njbs test, 83 double rubs were required before the coating cut through to expose the underlying substrate 
surface. 

[0098] A similar paint coating prepared without adding any horseradish peroxidase, produced a coating that required 
35 MEK double rubs before the coating cut through to expose the underlying substi-ate surface. 
[0099] From the foregoing Examples, it can be seen thatthe presence of the oxidizing enzyme improves the crosslink- 
ing of the oxidative polymer and coating resulting therefrom has Improved properties, such scaib resistance over those 
coatings that are not crosslinked by the oxidizing enzyme. 

Example 5 

[01 00] Flasks containing 20 g each of the polymer of Example 4 were pH-adjusted with ammonia In accordance with 
Table 1 below. Horseradish peroxidase P-6140 (EC 1 .11 .1 .7) supplied by Sigma Chemical, PO Box 14508, St. Louis, 
MO 631 78 was then mixed with these polymers in various amounts shown in Table 1 below to fomi various pot mixes. 
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Swell ratios of films resulting from ttiese pot mixes were measured after 7 days of drying the layer. 

Table 1 



pH of Polymer 


mg of enzyme mixed with polymer 


Swell Ratio of cross linlced polymer 


9.04 


0 


9.4 


9.04 


0.300 


8.3 


7.1 


0.300 


6.2 


9.04 


0.150 


8.8 


7.1 


0.150 


6.7 


9.04 


0.75 


9.0 


7.1 


0.75 


7.1 



[0101] From Table 1 , It can be seen that as the pH of the pot mix drops to 7 from 9.4, increased crosslinking of the 
oxidative polymer by the oxidizing enzyme occurs even at various levels of enzyme additions. 

Example 6 

[0102] Flasks containing 20 g each of the polymer in Example 4 were adjusted with ammonia to a pH of 9.04. To 
these flasks, horseradish peroxidase P-6140 (EC 1.11.1.7) supplied by Sigma Chemical, PC Box 14508, St. Louis, 
MO 63178 was mixed in various amounts shown in Table 2 below to forni various pot mixes. Swell ratios of the films 
resulting from these pot mixes were measured after 4 days and after 11 days of drying. 



Table 2 



Peroxidase, mg wet* 


Swell Ratio (4 d^) 


Swell Ratio (11 day) 


0 


10.3 


9.3 


0.75 


10.1 


8.8 


0.75" 


10.1 


8.6 


0.150 


9.7 


8.5 


0.300 


8.9 


7.9 



•1 mg wet peroxidase contains 21 mg enzyme which has an acHvtty of 250 unlls/mg. 



[0103] Table 2 above demonstrates that the oxidizing enzyme will effectively crosslink the oxidative polymer at a 
wide range of concentrations and by increasing the drying time, higher degree of crosslinking can be achieved. Fur- 
themnore, applicants have unexpectedly discovered that it is not necessary to include an oxidant, such as hydrogen 
peroxide, to attain almost the same degree of crosslinking achieved by the oxidizing enzyme, such as horseradish 
peroxidase. As a result, negative effects, such as britlleness of acoating or loss of adhesion of a coating to an underlying 
substrate that may occur when a coating composition contains an oxidant, are reduced. 

Example 7 

[0104] Flasks containing 20 g each of the polymer of Example 4 were adjusted with ammonia to a pH of 9.04. To 
these flasks, laccase (EC 1 .1 0.3.2) was mixed In various amounts shown In Table 3 below to fom^i various pot mixes. 
Swell ratios of the films made from these pot mixes were measured after 4 days and after 11 days of drying. 

Table 3 



Laccase, ml wet* 


Swell Ratio (4 day) 


Swell Ratio (11 day) 


0 


10.3 


9.3 


0.05 


9.8 


8.0 



•1 ml wet laccase contains 0.79 mg enzyme which has an activity of 1000 1 
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Table 3 (continued) 



Laccase, ml wet* 


Swell Ratio (4 day) 


Swell Ratio (11 day) 


0.15 


9.7 


7.9 



■1 ml wet laccase contains 0.79 mg enzyme which has an activity of 1000 units/microliter. 



[0105] Table 3 above demonstrates that the oxidizing enzyme will effectively crosslink the oxidative polymer at a 
wide range of concentrations and increase in the drying time improves the degree crosslinlcing achieved. 



1. A method of crosslinking an oxidative polymer having oxidatively crosslinkable functional groups, wherein said 
oxidative polymer is polymerized from at least one ethylenically unsaturated monomer, said method comprising: 

contacting said oxidative polymer with a catalytic amount of an oxidizing enzyme; and 
crosslinking said oxidatively crosslinkable functional groups on said oxidative polymer. 

2. The method of claim 1 wherein said crosslinking step is conducted at ambient temperature. 

3. The method of claim 1 wherein said oxidizing enzyme is selected from the groups consisting of laccase, polyphenol 
oxidase, horseradish peroxidase, soybean peroxidase, pea peroxidase, guar beans peroxidase, garbanzo beans 
peroxidase, runner beans peroxidase, rice peroxidase, cotton peroxidase and mixtures thereof. 

4. The method of claim 1 wherein said oxidizing enzyme is an aqueous solution at a pH varying in the range of from 
3 to 11. 

5. The method of claim 1 wherein said oxidatively crosslinkable functional groups are selected from the group con- 
sisting of phenolic, active methylene, amino, allylic, vinyllc, acrylic, methacrylic, Itaconic, maleic, mercapto, sulfide, 
phosphino groups and combinations thereof. 

6. The method of claim 1 wherein said catalytic amount varies in the range of from 25 ppm to 1 0,000 ppm. 

7. The method of claim 1 wherein said oxidative polymer is a powder, a dispersed polymer, a solubilized polymer, or 
a mixture thereof. 



8. The method of claim 1 wherein said oxidatively crosslinkable functional groups on said oxidative polymer are 
produced by contacting an inactive polymer having domnant functional groups with an activating amount of an 
activating agent. 

9. A method of applying a coating on a substrate comprising: 

contacting a polymeric component of a coating composition with a crosslinking component of said coating 
composition to fonn a pot mix, said polymeric component comprising an oxidative polymer having oxidatively 
crosslinkable functional groups, wherein said oxidative polymer is polymerized from at least one ethylenically 
unsaturated monomer, and said crosslinking component comprising a catalytic amount of an oxidizing enzyme; 
applying a layer of said pot mix over said substrate; and 

crosslinking said oxidatively crosslinkable functional groups on said oxidative polymerto fonn said coating on 
said substrate. 

10. A two-pack coating composition comprising: 

a first container containing a polymeric component, which comprises an oxidative polymer having oxidatively 
crosslinkable functional groups wherein said oxidative polymer is polymerized from at least one ethylenically 
unsaturated monomer; and 

a second container containing a catalytic component, which comprises a catalytic amount of an oxidizing 
enzyme sufficient to crosslink said oxidatively crosslinkable functional groups on said oxidative polymer, when 



15 



EP 0950 669 81 



said polymeric component is mixed witli said cataiytic component. 



Patentanspriiche 

1 . Verfaliren zur Vemetzung eines oxidatlven Poiymers mit oxidativ vemetzbaren, funldionellen Gruppen, wobel das 
oxidative Polymer aus mindestens einem etiiyieniscti ungesattigten IWonomer poiymerisiert 1st, wobel das Verfah- 
ren umfaBt: 

10 das lnkontai<tbringen des oxidatlven Polymers mit einer katalytischen Menge eines oxidierenden Enzyms, und 

das Vemetzen der oxidativ vemetzbaren, funktionellen Gmppen im oxidatlven Polymer. 

2. Verfatiren nach Anspruch 1 , wobel der Vemetzungsschritt bel Raumtemperatur ausgefuhrt wird. 

IS 

3. Verfahren nacli Anspmch 1 , wobei das oxidlerende Enzym aus der Gruppe, besteliend aus Laccase, Polypheno- 
ioxidase, Meerrettlchperoxidase, Sojabohnenperoxidase, Erbsenperoxidase, Busohelbohnenperoxidase, Klcher- 
erbsenbohnenperoxidase, Stangenbohnenperoxidase, Reisperoxidase, Baumwollperoxidase und Gemischen da- 
von, ausgewShit 1st. 

so 

4. Verfahren nacli Anspnjch 1 , wobei das oxidlerende Enzym eine waBrige Losung bel eInem pH, welcher Im Bereich 
von 3 bis 11 variiert, ist. 

5. Verfahren nach Anspruch 1 , wobel die oxidativ vemetzbaren, funlctioneilen Gaippen aus der Gruppe, bestehend 
25 aus Phenol-, aldlven Methylen-, Amino-, Allyl-, Vinyl-, Acryl-, Methacryl-, Itacon-, Malein-, Mercapto-, Sulfid-, Phos- 

phingruppen und Kombinatlonen davon, ausgewahit sind. 

6. Verfahren nach Anspruch 1 , wobei die katalytische IWenge im Bereich von 25 ppm bis 10.000 ppm variiert. 

30 7. Verfahren nach Anspruch 1 , wobei das oxidative Polymer ein Pulver, ein dispergiertes Polymer, ein loslich ge- 
machtes Polymer Oder ein Gemisch davon Ist. 

8. Verfahren nach Anspruch 1 . wobei die oxidativ vemetzbaren, funktionellen Gruppen Im oxidatlven Polymer duroh 
das inkontaktbringen eines inaktiven Polymers, welches latente funktionelle Gruppen aufweist, mit einer aktlvle- 

35 renden Menge eines Aktlvierungsmittels hergestellt werden. 

9. Verfahren zum Aufbringen einer Beschichtung auf ein Substrat, umfassend: 

das Inkontaktbringen einer Polymerkomponente einer Beschichtungszusammensetzung mit einer Vemet- 
40 zungskomponente der Beschichtungszusammensetzung, um ein Topfgemisch zu bilden, wobel die Polymer- 

komponente ein oxidatives Polymer mit oxidativ vemetzbaren, funktionellen Gmppen umfaBt, wobel das oxi- 
dative Polymer aus mindestens einem ethyienisch ungesattigten Monomer hergestellt Ist und die Vemetzungs- 
komponente eine katalytische Menge eines oxidierenden Enzyms umfaBt, 

45 das Aufbringen einer Schlcht des Topfgemlsohes auf das Substrat, und 

das Vemetzen der oxidativ vemetzbaren, funktionellen Gruppen im oxidatlven Polymer, um die Beschichtung 
auf dem Substrat zu bilden. 

so 10. Zwelkomponenten-Beschichtungszusammensetzung, umfassend: 

einen ersten Behalter, welcher eine Polymerkomponente enthalt, welohe ein oxidatives Polymer mit oxidativ 
vemetzbaren, funktionellen Gmppen umfaBt, wobel das oxidative Polymer aus mindestens einem ethyienisch 
ungesattigten Monomer poiymerisiert ist, und 

55 

einen zweiten Behalter, welcher eine katalytische Komponente enthalt, welche eine katalytische Menge eines 
oxidierenden Enzyms umfaBt, welche ausreicht, die oxidativ vemetzbaren, funktionellen Gmppen Im oxidatl- 
ven Polymer zu vemetzen, wenn die Polymerkomponente mit der katalytischen Komponente gemlscht wird. 
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Revendications 

1 . Procede de reticulation d'un polymere oxydatif ayant des groupes f onctionnels rtticulables de manlere oxydative, 
dans iequei ledit poiym§re oxydatif est polymerise a partir d'au moins un mononifere dthyleniquement Insature, 
5 ledit procede comprenant : 

la mise en contact dudit polymere oxydatif avec une quantite catalytlque d'une enzyme oxydante ; et 
la reticulation sur ledit polymere oxydatif desdits groupes fonctionnels reticulables de maniere oxydative. 

10 2. Procede selon ia revendication 1 , dans Iequei ladite etape de reticulation est conduite a temperature ambiante. 

3. Procede selon la revendication 1 , dans Iequei ladite enzyme oxydante est ciioisie dans ies groupes constitues par 
ia iaccase, la polypiienoioxydase, la peroxydase de ralfort, la peroxydase de soja, ia peroxydase de pols, la pe- 
roxydase de liaricots de guar, la peroxydase de haricots de garbanzo, ia peroxydase de haricots a rames, la 

IS peroxydase de riz, la peroxydase de colon et leurs melanges. 

4. Procede selon ia revendication 1 , dans Iequei ladite enzyme oxydante est une solution aqueuse a un pH variant 
dans ia gamme de 3 a 11 . 

20 s. Precede selon la revendication 1 , dans Iequei lesdits groupes fonctionnels reticulables de manifere oxydative sont 
choisis dans le groupe constitu6 par ies groupes ph6nollques, methylene actif, amino, allyllques, vinyllques, acryii- 
ques, mSthacryiiques, itaconiques, maleiques, mercapto, sulfure, phosphino, et leurs combinaisons. 

6. Procede selon la revendication 1 , dans iequei ladite quantity catalytlque varie dans la gamme de 25 ppm & 1 0 000 

25 ppm. 

7. Procede selon la revendication 1 , dans Iequei ledit polymere oxydatif est une poudre, un polymere disperse, un 
polymfere solubiiise, ou un de leurs melanges. 

30 8. Procede selon la revendication 1 , dans iequei lesdits groupes fonctionnels reticulables de manifere oxydative sur 
ledit polym&re oxydatif sont produits par mise en contact d'un polymere inactif ayant des groupes fonctionnels 
donnants avec une quantity activatrice d'un agent d'activation. 

9. Precede d'application d'un revdtement sur un substrat, comprenant : 

35 

la mise en contact d'un composant polymere d'une composition de revetement avec un composant de reticu- 
lation de ladite composition de revMement pour former un melange en pot, ledit composant polymere com- 
prenant un polymere oxydatif ayant des groupes fonctionnels reticulables de maniere oxydative, ledit polymere 
oxydatif etant polymerise a partir d'au moins un monomere ethyleniquement insature, et ledit composant de 
40 reticulation comprenant une quantite catalytlque d'une enzyme oxydante ; 

I'applicatlon d'une couche dudit melange en pot sur ledit substrat ; et 

la reticulation desdits groupes fonctionnels reticulables de maniere oxydative sur ledit polym6re oxydatif pour 
former ledit revetement sur ledit substrat. 

45 10. Composition de revetement en deux emballages, comprenant : 

un premier recipient contenant un composant polymere, qui comprend un polymere oxydatif ayant des groupes 
fonctionnels reticulables de maniere oxydative, ledit polymere oxydatif etant polymerise a partir d'au moins 
un monomfere ethyleniquement insature, et 
50 un second recipient contenant un composant catalytlque, qui comprend une quantite catalytlque d'une enzyme 

oxydante sufflsante pour retlculer lesdits groupes fonctionnels reticulables de maniere oxydative sur ledit po- 
lymere oxydatif, ledit composant polymere etant melange avec ledit composant catalytlque. 
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